210

JOURNAL OF THE AMERICAN M0SQUITO CONTROL ASSOCIATION

VoL. 7, No. 2

BOTANICAL DERIVATIVES IN MOSQUITO CONTROL: A REVIEW!

KUMUDA SUKUMAR,* MICHAEL J. PERICH anp LEWIS R. BOOBAR

U.S. Army Biomedical Research and Development Laboratory, Fort Detrick, Frederick, MD 21702-5010

ABSTRACT. A review on the reported uses of chemicals derived from botanical sources is presented,
along with the part of the plant used for extraction, the mosquito species studied and the bioactivity
observed for 344 plant species. Examples of phytochemicals evaluated against mosquitoes as general
toxicants, growth and reproduction inhibitors, repellents and ovipositional deterrents are given. The
effects of mosquito species and life stage specificity, solvents used for extraction, phototoxic activity and
the geographical source from where the plant compounds are derived are discussed.

INTRODUCTION

Phytochemicals derived from various botani-
cal sources have provided numerous beneficial
uses ranging from pharmaceuticals to insecti-
cides. Synthetic organic insecticides, although
highly efficacious against target species such as
mosquitoes, can be detrimental to a variety of
animal life including man (Matsumura 1975). In
addition to adverse environmental effects from
conventional insecticides, most major mosquito
disease vector and pest species have become
physiologically resistant to many of these com-
pounds (Brown 1986). These factors have cre-
ated the need for environmentally safe, degrad-
able and target-specific insecticides against
mosquitoes. The search for such compounds has
been directed extensively to the plant kingdom.

Historically, the commercial development of
botanical insecticides is credited to a lady of
Ragusa, Dalmatia, who noticed dead insects on
a discarded bouquet of pyrethrin flowers. She
began milling pyrethrum into powder and thus
the pyrethrin industry was born (Hartzell and
Wilcoxon 1941). Since then, pyrethrins from
chrysanthemum flowers and many synthetic de-
rivatives stand prominent as effective pesticides.

One of the earliest reports of the use of plant
extracts against mosquito larvae is credited to
Campbell et al. (1933) who found that plant
alkaloids like nicotine, anabasine, methyl ana-
basine and lupinine extracted from the Russian
weed, Anabasis aphylla, killed larvae of Culex
pipiens Linn., Cx. territans Walker, and Cx.
quinquefasciatus Say. Haller (1940) noted that
extracts from Amur cork tree fruit, Phelloden-
dron amurense, yielded a quick-acting mosquito
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larvicide. Wilcoxon et al. (1940) reported that
extracts derived from the male fern, Aspidium
filix-mas, yielded a toxic constituent, filicin, a
phloroglucinol propyl ketone, which proved
toxic to Cx. quinquefasciatus. Hartzell and Wil-
coxon (1941) evaluated extracts from 150 species
of plants for their toxicity to mosquitoes and
found several to be very effective. In an exhaus-
tive review on insecticides derived from plants,
covering a period from 1941 to 1953, Jacobson
(1958) reported on several phytochemicals
against mosquitoes.

Phytochemicals can be extracted from either
whole plants or specific parts of the plant, de-
pending on the activity of the derivatives. Some
plants accumulate biocactive chemicals differen-
tially in the various parts of the plant, such as
leaves, fruits, flowers, roots and bark. Investi-
gators have found that the effectiveness of
chemicals derived from specific plant parts often
varies with the mosquito species. Certain phy-
tochemicals have photo-activated toxins that
are reported effective against mosquitoes. Some
phytochemicals act as general toxicants to all
life stages of mosquitoes, whereas others inter-
fere with growth and reproduction, or act on the
olfactory receptors, eliciting responses of attrac-
tancy or repellency. In this review, the plants
used for mosquito control, irrespective of their
status as higher or lower plants, are arranged by
families in alphabetical order. The part of the
plant used for extraction, the mosquito species
studied and the bioactivity observed have also
been listed (Appendix 1).

TOXICITY EFFECTS

Many plant chemicals produce larvicidal, pup-
icidal and adulticidal effects, most behaving like
general toxicants (Appendix 1). The differential
responses induced by phytochemicals on various
species of mosquitoes were influenced by extrin-
sic and intrinsic factors such as the species of
plant, the parts of the plant, the solvents used
for extractions, the geographical location where
the plants were grown and the methods em-
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ployed for evaluation. Only a few examples will
be discussed in any detail to illustrate these
factors.

Extracts from different parts of the same spe-
cies of plant can exhibit various degrees of tox-
icity to mosquitoes. Marcard et al. (1986) re-
ported that among the different plant parts from
Ajuga remota and A. reptans, the effectiveness
of the derived extracts against Aedes aegypti
(Linn.), Ae. togoi (Theobald) and Cx. quingue-
fasciatus larvae decreased with roots> leaves>
shoots> and flowers, respectively. Extracts from
325 wild-growing plants of North Dakota and
western Minnesota were found to have varied
effects on the mortality of Ae. aegypti larvae by
both plant species and the plant part of the same
species (Patterson et al. 1975).

In certain instances, the same phytochemical
toxin from a single plant species exhibits various
degrees of toxicity to different mosquito species.
Minijas and Sarda (1986) showed that crude
extracts containing saponin from fruit pods of
Swartzia madagascariensis produced higher
mortality in larvae of Anopheles gambiae Giles
than in larvae of Ae. aegypti and no mortality
was induced in larvae of Cx. quinquefasciatus.
Sujatha et al. (1988) also observed differential
susceptibilities with petroleum ether extracts of
Acorus calamus, Ageratum conyzoides, Annona
squamosa, Bambusa arundanasia, Madhuca lon-
gifolia and Citrus medica against larvae of 3
species of mosquitoes. Acorus calamus extract,
of the 6 extracts, was most effective against Cx.
quinquefasciatus while Bambusa arundanasia
was most toxic against An. stephensi Liston.
Citrus medica extracts affected only An. ste-
phensi larvae whereas Madhuca longifolia ex-
tracts had no effect on this species. Similarly,
when extracts of the pond weeds Myriophyllum
and Potamogeton were assayed against larvae of
An. occidentalis Dyar and Knab and Cx. pipiens,
Cx. pipiens showed more resistance to both ex-
tracts (Graham and Schooley 1984). Such a dif-
ferential species susceptibility was also noticed
by Dhillon et al. (1982) when algal toxins from
Rhizoctonium heiroglyphicum and Chlorella el-
lipsoidea were assayed against Ae. aegypti, Cx.
quinquefasciatus and Culiseta incidens (Thom-
son). Of the 3 species of mosquito larvae tested,
Cx. incidens was found to be the most susceptible
and Cx. quinquefasciatus the least susceptible to
Rhizoclonium extracts. The Chlorella extracts
appeared more toxic to Cx. quinquefasciatus and
Cx. incidens than to Ae. aegypti. When several
volatile plant oils were assayed against the lar-
vae of An. claviger (Meigen) and Ae. cantans
(Meigen), the results showed that anophelines
were less sensitive than aedines (Novak 1985).
Saxena and Sumithra (1989) found the leaf ex-
tract of Ipomea carneafistolosa most effective

against An. stephensi when they tested the ex-
tract against larvae and pupae of An. stephensi,
Ae. aegypti and Cx. quinquefasciatus.

At times, certain stages of mosquitoes are
more susceptible to phytochemicals. Osmani
and Sighamony (1980) found that the oil of
lemongrass (Cymbopogon citratus), oil of linaloe
(Bursera delpechiana) and oil of geranium (Pe-
largonium roseum) were poor ovicides and had
no effect on first instar larvae, but did cause
significant growth inhibition and mortality in
later developmental stages of Ae. aegypti. A bu-
tanol extract of soapberry plant, Phytolacca do-
decandra, was very toxic to second and third
instar larvae of Ae. aegypti, Cx. pipiens molestus
Forskal (= Cx. pipiens) and An. quadrimaculatus
Say, but eggs and pupae were unaffected and
adults died only after ingestion of the concen-
trated extract (Spielman and Lemma 1973).
Likewise, the ethanolic extracts of Haplophyl-
lum tuberculatum did not produce any ovicidal
effect, but killed first instar larvae of Cx. quin-
quefasciatus (Mohsen et al. 1989). The latex
from Calotropis procera showed complete ovici-
dal and larvicidal effects on Aedes, Anopheles
and Culex but had no effects on adults of these
genera.

The extraction of the plant chemicals with
specific solvents exerts a great influence in the
resultant bioactivity. It could be possible that
the active constituent responsible for activity is
extracted in greater measures only with certain
solvents. When Macrocystis pyrifera and Arte-
mesia cana were extracted with water and with
organic solvents, the latter extract produced
higher mortality in Cx. quinquefasciatus (Sherif
and Hall 1985). This could have been due to the
polarity range of the solvents. Hartzell (1944)
tested acetone extracts and water extracts of
certain plant products against Cx. quinquefascia-
tus larvae and found acetone to be a better
solvent. Extracts of roots of Derris elliptica,
when bioassayed against fourth instar larvae of
Ae. aegypti, exhibited a response indicating that
among the liquid extracts, absolute ethyl alcohol
was the most potent, and among the crude resi-
dues acetone extract was the most effective
(Ameen et al. 1983, 1985). The commercial oil
of Linum usitatissimum had no apparent toxic
effects on Cx. pipiens larvae, but the crude meth-
anolic extract showed limited toxicity (Banu and
Nurul-Huda 1983). Dhillon et al. (1982) found
petroleum ether extracts of Chlorella ellipsoidea
and Rhizoctonium heireoglyphicum eluted with
petroleum ether, benzene or methanol, all in-
duced mortality in Ae. aegypti and Cx. quinque-
fasciatus, with the methanol fraction being the
most active. Bioassay of Aloe puridens roots
extracted with solvents of increasing polarity
showed that the petroleum ether extract pos-
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sessed the maximum insecticidal activity against
Ae. aegypti larvae (Confalone et al. 1983). Qur-
eshi et al. (1986) assayed alcoholic extracts and
petroleum ether extracts of Ervatamia coronaria
against fourth instar larvae of Ae. gegypti and
found the alcoholic extracts to be highly toxic
whereas the petroleum ether extract had no
larvicidal activity. But in the case of Acorus
calamus, when the rhizomes were extracted with
different solvents like petroleum ether, ether,
chloroform and alcohol, the best results against
Cx. quinguefasciatus larvae were obtained with
the petroleum ether extract (Chavan et al. 1979).
According to the bioassay results against Ae.
aegyptt larvae, with different extracts of Litho-
spermum arvense, the active principle was con-
centrated mainly in the hexane-soluble portion
(Madrigal et al. 1979).

Certain plant derivatives showed enhanced
action in the presence of light. As Arnason et al.
(1981) observed, light has often been a forgotten
or underestimated factor in the study of insects.
Until recently, little attention has been paid to
its role in plant-insect reactions. The activation
of plant secondary substances by light, and their
subsequent photosensitizing effects on insects,
especially mosquito larvae, is an important fac-
tor contributing to the enhancement of toxicity.
Polyacetylenes and thiophenes that occur in
certain plants of the Asteraceae family show the
greatest potential as photoactive pest control
agents. The common marigold, Tagetes sp.,
yielded a highly active polyacetylene alpha-ter-
thienyl from its roots, which proved very toxic
to Ae. aegypti larvae (Arnason et al. 1981, Kagan
et al. 1987). The activity increased with light,
indicating a phototoxic action of alpha-ter-
thienyl. Berberine, an isoquinoline alkaloid
present in many different plant families, is also
photoactivated. Larval, pupal and adult survival
of Ae. atropalpus (Coq.) was affected by berber-
ine treatment with toxicity of the alkaloid in-
creasing after exposure to light. Philogene et al.
(1984) speculated that the fluorescent nature of
berberine could be the reason for its photody-
namic activity. Rose bengal, a xanthene-deriv-
ative, also causes enhanced mortality in mos-
quito larvae by photosensitized oxidation reac-
tions. Its primary mode of action depends on the
absorption of visible light energy, causing photo-
oxidative toxicity (Pimprikar et al. 1979).

The geographical distribution of plants may
possibly influence their toxicity. Novak (1985)
did not observe any toxicity with acetone and
alcohol extracts of garlic, Allium sativum, in
Aedes larvae when tested in Czechoslovakia, but
Amonkar and Reeves (1970) in the USA re-
ported that the extracted oil and crude metha-
nolic extract of garlic at very low concentrations
could control larval mosquitoes of 5 species.

Likewise, Jacobson (1958) reported that acetone
extracts of Vetiveria zizanoides roots from the
USA failed to induce larval toxicity, but Murthy
and Jamil (1987) found the oil of Vetiveria roots
from India very effective against Cx. quinquefas-
ciatus larvae. Although it is not clear in the
above cases whether the geographic origin of the
plant material or the difference in solvents used
for extraction of the material is contributing to
the differential toxicity, it suggests that further
investigation is needed.

GROWTH AND REPRODUCTIVE
INHIBITION

By and large, plant chemicals act as general
toxicants. A few, however, show selective inter-
ference with growth and reproduction. Preco-
cene from Ageratum was noted for its unique
action of interfering with growth by transgress-
ing certain stages of development. In mosqui-
toes, it prevented pupal formation and adult
emergence when newly hatched young larvae
were exposed (Cupp et al. 1977). When females
were treated with precocene after blood feeding,
it inhibited trypsin synthesis, retarding ovarian
maturation, resulting in abnormal oviposition
(Kelly and Fuchs 1978). Some other plant chem-
icals, such as aristolochic acid from Aristolochia
bracteata, inhibited reproduction, inducing ste-
rility in mosquitoes (Saxena et al. 1979). Biotin
from plants, aflatoxin from Aspergillus flavus
and pactamycin and porfiromycin from lower
plants have also sterilized mosquitoes (Borkovec
1987).

Although numerous plants have shown tend-
encies to interfere with growth and reproduc-
tion, neem (Azadirachta indica) occupies an im-
portant place because of its strong action in
inducing toxicity through inhibition of growth
and reproduction. Although the exact mode of
action of azadirachtin and other components
present in neem seed kernels is not clearly
understood, it seems likely that there is an in-
terference in hormonal balance. Zebitz (1984)
suggests that azadirachtin acts as an anti-ecdy-
steroid or affects the neuroendocrine control of
the ecdysteroids. The unique mode of action of
azadirachtin, by its controlling effect on hor-
mones and its favorable toxicological and selec-
tive properties from the ecological perspectives,
provides a basis for emergence of a promising
phytochemical in mosquito control.

Patterson et al. (1975) found that extracts
from several plants of North Dakota exhibit
mimics of insect ecdysones and juvenile hor-
mone activity at various levels based on the
parts of the plant used for extraction. As with
toxicity, growth inhibition from phytochemicals
can also be species specific. Sujatha et al. (1988)
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observed that Acorus calamus extracts induced
malformations to a greater extent in An. ste-
phensi and to a lesser extent in Cx. quinquefas-
ciatus and Ae. aegypti, while Madhuca longifolia
induced greater growth inhibition in Cx. quin-
quefasciatus.

Growth and reproductive inhibition effects
from phytochemicals are also affected by the
solvent used in the extraction process. Only the
methanol-eluted fraction of petroleum ether ex-
tracts from the filamentous algae Rhizoclonium
heiroglyphicum exhibited insect growth inhibi-
tory activity and various abnormalities in eclos-
ing Ae. aegypti, Cx. quinquefasciatus and Culiseta
incidens adults (Dhillon et al. 1982).

REPELLENCY AND OVIPOSITIONAL
DETERRENTS

The use of phytochemicals as repellents, ovi-
positional deterrents and antifeedants has been
evaluated against both agricultural pests and
medically important insect species (Jacobson
1958). Thorsell et al. (1970) reported that ex-
tracts from 3 plant species, Ledum palustre,
Lycopersicon lycopersicon and Myrica gale, ex-
hibited repellency to Ae. aegypti adults. The
essential oils of certain plants often exhibit re-
pellent actions to mosquitoes, as shown with the
leaf oil of Ocimum suave (Chogo and Crank
1981).

In addition to repellency, phytochemicals can
influence the ovipositional behavior of mosqui-
toes. Consoli et al. (1989) found ethanolic, hex-
anic and lyophilized extracts of 8 plants (Allium
sativum, Anacardium occidentale, Bidens sege-
tum, Caesalpinia peltophoroides, Jatropha cur-
cas, Mikania schenkii, Poinciana regia and
Spatodea campanulata) deter oviposition by
Ae. fluviatilis (Lutz). Acetone extracts of 4 spe-
cies of the Labiatae family are reported ovipo-
sitional deterrents to Ae. aegypti (Sharma et al.
1981b), with one species, Lavendula gibsonii,
having also an ovicidal and general repellent
effect on Ae. aegypti (Sharma et al. 1981a).

The factors of species specificity and the sol-
vent used for extraction are components that
can affect ovipositional deterrence from phyto-
chemicals. Aqueous extracts of Lemna minor
significantly deterred oviposition by Ae. aegypti,
but had no effect against Cx. pipiens (Judd and
Borden 1980). The methanolic extract of the
same plant also deterred oviposition in Ae. ae-
gypti, but the pentane extract showed no ovi-
positional deterrent activity. Judd and Borden
(1980) theorized from the results of significant
ovipositional deterrent activity of the aqueous
and methanolic extracts that the active princi-
ples are of a polar nature. The need for further

investigation of phytochemicals as repellents
and deterrents against mosquitoes has been
stated by Novak (1985) in his review of non-
chemical approaches to mosquito control in
Czechoslovakia.

CONCLUSION

Chemicals derived from plants offer promise
in future mosquito control programs. In addition
to application as general toxicants against var-
ious life stages of mosquitoes, phytochemicals
also have potential uses as growth and repro-
duction inhibitors, repellents and as oviposi-
tional deterrents. Many research opportunities
exist in the identification and characterization
of new plant compounds, as well as in the eval-
uation of their ecological, evolutionary and
physiological significances. Research on the use
of phytochemicals against mosquitoes should
consider such factors as mosquito species, life
stage specificity to a compound, the plant parts
and solvent used for extraction, phototoxic ac-
tivity and the geographical origin of a plant
compound.

Phytochemicals offer not only effective mos-
quito control agents, but also are biorational
alternatives to organic synthetic pesticides. The
fact these chemicals are from natural sources,
with a high degree of biodegradation, makes
them environmentally sound control agents.
With an ever increasing public interest and
awareness in the environment, in both devel-
oped and developing countries, positive public
perception of natural pesticides is an added in-
centive for their development and use. In addi-
tion, the potential use of phytochemicals from
botanical species in the endangered rainforest
regions of the world offers economical and prac-
tical reasons for their preservations.

The same public perception can also have a
negative effect in the utilization of phytochem-
icals, due to their often slower and nontoxic
control effects on mosquitoes compared with
conventional insecticides. People have become
accustomed to the immediate toxic effects of
synthetic insecticides. With phytochemicals’
slower modes of action, people believe that they
are not effective and discontinue their use. Ed-
ucation of the public is critical if phytochemicals
can be effectively utilized in mosquito control
programs.

Several botanicals offer great promise as
sources of phytochemicals for the control of
mosquitoes. Six plant families with several rep-
resentative species, Asteracae, Cladophoraceae,
Labiatae, Meliaceae, Oocystaceae and Rutaceae,
appear to have the greatest potential for provid-
ing future mosquito control agents. Some of
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these new compounds with their novel modes of
bioactivity may prove useful in the development
of safer insecticides for the future.
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